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By Harvey H. Brown,
George ~. Rathert, Jr.,
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SUHMARY

The behaviour at supercritical iach numbers of the
ailerons of a let-vropelled fighter has been messured up
to 0.866 Mach number. The considerable amount of allsron
upfloat occurring et these Mach numbers was found %o be
due to a large loss in pressure recovery on the upper surface
aft of the shock wave which caused very large increases 1in
the aileron hinge moments. Data obtained from pressure—
distribution measurements are mresented to show the very
critical effect of Mach number on the magnitude of these
hinge moments,

alleron oscilletions were also encountered, ranging in
severity from s spasmodic low-—ampllitude "puzz# to a motion
gso violent the alleron was deforazeé. The comparatively mild
buzz should be considered a preliminary werning of the
appearance of the more severe and dengsrous osclllations.
The flight condition boundary defining the first anpearance
of the buzz is presented in terms of iinch number and both
the airnlene 1ift coefficient and the eaveragce scctlon normal-—
force cocfficient over the a2ileron. This flight-test boundary
is in exccllent agrecement with wind-tunnel tcets of a partial—
snan full-scale wing with tnc alleron Iree. Typical alleron
angle ané pressure—-distribution rccords arc also prescnted %o
1liustratec some of the characteristics of the osclllations,
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INTRODUCTION

In the past few years, experience, during high-speed
filght hes indiceated eerious chenges in the behaviour of the
elleron control surfaces at speede above the critical Mach
numbers of the alrfoil sections now in use. Such changes
have been evidenced by large amounts of aileron uprloat,
indlceting large chenges 1n the magnltude of the ailr loads and

kinge moments, and the appearance of ailleron oscilllations.

In the course of wing pressure~digtribution measurcments
and verious other tests of a turbojet—propelled fighter examples
of this behaviour at supercritical lMach nunbers have been
encountered several times. During the highest speed dive, in
which a Mach number of 0.866 was rcached, the severity of the
alleron oscillatisns increased quite rapiély snd the motion
became so vliolent that one aileron was deformed. So far as
ls known, thils 1s the only time the more wviolent and dangerous
oscillatlon has been encountered in flight.

This report presents a summary of all the data on alleron
behaviour at supercriticel Mach number which have been obtained
incidental to these scheduled tests,

DEZCRIPTION OF THt ~IRPLANE AND THE INSTRUMSNTATION

The tests were conducted on the turbolet-propelled
fighter airplene shown in the three-view drawing. (See fig. 1.)
Figures 2 and 3 are side-view and plen-form vhotogrephs, :
respectively, of the alrplane as ingtrumented for flight tests.,

The dimensions of the wing and zilcron are listed in
table I. Table II contnlns the ordinates for the theoretlcal
wing contour (NaCa 651-213% (a = 0.5)). The deviations of the
actual wing scctions from the theoretlcal contour are presented
in figure for e=sch of the four pressure-distritution-orifice
gtatlons. - :

The alleron control system of this type of alrplanc was
unusvally rigid as compared with other nresent-dey fighter
airplanes and employed a power boost in operating the allerons.
The eallerons were eculpped with plano-type hinges located on
the upoer surface of the wing end were spproximetely statically
and dynamically mass~balenced but hed no serodynamic balance, -
Throughout the test program the aileron ceble tension was
rigged at 300 pounds at 70~ F,

RONFEDENRTAL ¥
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Standard NaCA instruments were used to record the
alleron angle, normal acceleration factor, presesure altitude,
indicated airspeed, #nd wing-pressure distribution.

A0CURACY OF RESULTS

The static pressures used in computing the valueeg  of
Mach number and pressure coefficient were obtained by
correcting tie static pressure at the fres-swivelling slrspeed
heed mounted on the right-wing tip (fig. 2)for position error
as detcrmined from & low—altitude flight calibration. In
addition, the cerror inherent in the alrspesd head itseclf due
to compressibility was determined from = calibration made in
the ames 1l6—foot high-spead wind tunnel and corrections were
made. The eirspeed recorder, altimeter, and &ll other pres—
sure cclls were celibrated at severzsl temperatures to permit
removal of temperature effects from the data. The accuracy
of the data is as follows:

iz = £0.005
P ==x10/q
63_ ==’=O-20

The symicols used throughout the report are presented in the
eprendix. :

RESULTS AKD DISCUSSION

alleroen Upfloat

The effect of Msch number on the upflosting angle of the
ellerons. ie shown for various values of alrplane 1lift
coefficlent in figure £. The lipe curves werc obtained from
measurements of the right eileron »osition only, during a
series of very high-speed dives. Subsequent meesurements of
the mean deflection of both ailerons, indicated in figure 5
by symbols, substantlated the trcnds of the date obtained
from the right =2lileron alone,. .

Since the sileron control system was quite rigid, the
large upfloating angles obtalned indicated that wvery large
hinge moments were belng encountered. <The magnitudes of the
hinge moments at zero sileron ecngle were determined by using
the pressure distributions over the aft 25 percent of the
wing inboard of the silerons (fig. 1) to compute the moment
coefficicnts about the 75-percent—chord line. These data are
oresented in figure 6 and show that for zero alleron deflectlon
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the hinge moinents bGCOme.extremely large at supercritlical Mach
numbers. It 1s further apparent that in this speed range the
hinge moments are a senslitive function of Mach number.

The reason for these large hinge moments 18 illustrated
by figure 7. 1In this figure & chordwise pressure dlstribution
at a subecritical Mach number is contrasted with another at the
game airplane 1ifc coefficient but at a Mach number considerably
avove the critical., In commarison, the supercritical Mach
number distributlon shows a very large loss in pressure recovery
art of the shock wave which is responsible for the incresgse in
hinge moment, This large loss 1in presgsyre recovery 1is
presumrbly due to shock induced separation on the upper
surface,

The effect of aileron deflectlion on the critical liach
number of the theoretical airfoll sectviorn, calculated by the
method of reference 1 Tor the range of upfloating sngles
encountered, 1s nresented in figure 8. 4 few experimental
values from the flight--test pressurce distributions are included.
& comparison indicsates the flight—test critlcal mach number to
be from G.0l5 to 0,325 lower then thoe thcoretical.

alleron Oscillations

s low-emplitude ailleron oscillatior known as "buzz' was
cncountercd several times durling the flight tests. This buzz
was 8pasmodlic when first encountcred but as the speed inecreascd
bocame & sustainecd oscilllation with o freguency of upgrgxinately
28 cyeles per second and a range of novoment of ebout 2
Typical alleron—angle records durirg buzz at various Mach
numbers are reproduced in figure 9. Figure 10(a) is a photograph
of the left aileron taken during the buzz, showing the blurred
image. of the tralling edge. The angle between the convergilng
images of the upper edge of the bleck strine across the aileron
indicates the small amplitude of the motion..

At a Mach numbor of about 0.85 durilng a high-speed divo
the buzz developed into a mueh higher ﬂmplitudc osclllation of
sufficient violence to cause the tralling edge of the left
slleron to buckle, Figure 11 is & time hilstory of a portion
of this dive and pull-out showing the record of the right alleron
position. The records indicated that the sileron oscillated
sbout an up-position over a range of sbout 6%, but the frequency
could not be determined. ibe hotogreph of the left aileron
during the flutter (fig. 10(b ? gshows the considerablc increase
in the angle formed by the 1mages of the cdge of the black
stripe. The double image of the star insignia indlcates the
amount of general buffeting aocompanyinggﬁhg alleron osclillations.

iE —
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Figure 12 is a photogreph of the aileron taken after the
flight to show thne buckle in the tralling edge caused by the
flutter.

a flight-test boundary defining the first appearance of
spasmodlc buzz ln terms of Mach number snd alrplane 1ift
coefficient is presented as the solid line in figure 13.
Correspeonding values of the average section normal-force
coefficient of the wing sectlon through the aileron are
spotted on the curve for convenlent refercnce.

at higher Mach numbers the buzz became a stesdy and
custained motion, as indicated on figure 13 by the sguare
gymbols. Further increases ln Mach number resulted in
trensition to the more violent and sovere flutter indicated
by the circles. It is probetle, however, that the location
of this transition can bte shiftel by chesnges in tke amount of
cable tension or aillercn restraint. For this recason the
specific increment in Mach number indicated in Tigure 13
between the buzz and the more dengerous oscillation should
not be interpreted as a generally appliceble factor of safety.

Figure 14 is a boundary for the first appearance of
eilleron oscillations which is expressed in terms of the aver—
age sectlon normal-force coefficient of the wing sectlon
through the aileron rether than the sirplane 1ift coefficient,
The flight-test toundery falls only 0.007 lMach number below
the datal from tests in the smes 16-foot high-speed wind -
tunnel of & partial-span instaliation of an identical full-
gcale wing with a free aileron., This close agreement betwcen
teste conducted with high cable tension snd with no restraint
et all demonstrates the validity; of using the buzz boundary
as a signol of possible dangerous flutter et some higher lach
number, depending upon the amount of restraint and demping in
the aglleron control system.

The section critical Mach nuxbers, determined both from
rlight tests and from theory, ere also presented in figurc 1M
to show that the buzz actually occcurs at o oractically con-
stant increment of Kach nucber akove the sectilon critical
Mach number, regardless of the value of the section normal-
force cocfficlient or the airplane 1ift coefficient.

The cause of the aileron oscilletions has been determined
from the wind—-tunnel tests of the »nartizl-spen inetallations
of & full-scale wing. Shadowgraph pictures taken during these

T1Unpublished deta on file at this laboretory

EE@%EEﬁﬁiigi —
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tests demonstrate that there is a coupling between the aileron
moticn and shock-induced separation originating forward of the
alleron. In view of this explanation an examination of the
pressure measurements in the regilon of the aileron, obtained
during the osclllatlons, is of interest.

Figures 15 and 16 present pressure distributions both for
a wing. station over the aileron (station 152) and inboard of
the aileron (station 105.25) during the buzz at M4 = 0.850 and
the more violent oscillations or flutter at M = 0.866, respec—
tively. The pressure—distribution records for the orifices on
the aileron lndicate severe flow separation on the upver surface
of the wing during the violent flutter. -During the buzz,
pressurcs on both the upper and lower surfaces of the aileron
remalned steady, largely-due to the small amplitude of the
motlon. During the more violent flutter, however, as noted in
figure 16, the vressures on the lower surfacc showed the extreme
fluctuationg which would be expected with a rapid motion over
a range of b~. The upper-surfacc pressures, however, were
qulte steady, which is presumed to indicate that the orifices
were always in a region of severe flow separation. Two pregsure-—
cell records from station 152 which are typlcal of all pressuro
records on the aileron are presentod in figure 17 and illustrate
this difference in behaviour.

Flight-test measurements of the chordwise location of the
shoek at the supercritical Mach numbers at which aileron
oscillations occurred (0.80 to 0.86) sre shown in figure 18
for voth the upper and lower surfaces. The location of the
shock wes defined as the chordwise location at which a sharp
break in the oressure distribution occurred. It is interest—-
ing to note that in this Mech number range the location of the
upper-surfece shock has stopped moving aft with increasing Mach
number and has become fixed; whereas the lower surface shock is
83511l moving aft. These results indicate the wide variety in
Tlow conditions under which oscillations of the sileron may occur.

COWCLUSIONS - : T

An analysis of the behaviour at supercritical Mach numbers
of the allerons of a typicsl turbojet—-prupelled fighter has lod
to the following: . '

1. The considerable loss in pressure recovery on the
upper surface aft of the shock wave produced large incrcases
in the alleron &lr loads and hinge moments, resultlng in
large alleron upflosating angles. The increeses in loading
imposed on the alleron structure and the control system
warrant eerlous consideration in the design of high-speed

aircraft. e -
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2. The first appearance of aileron cscillations in
flight was esteblisled in terms of a boundary defined by the
Mach number and both the airplane 1ift ccefficient and the
average sectlonal normal-force coefflicient of the wing sectlon
through the aileron. The osclllatlions always appeared at a
practically constant lncrement of Mach number asbove the
section crificel Mach nurxbsr.

3. The severity of fthe aileron oscilllatlions increased
rapldly to the highest test Mach number, and the motion
became so vlolent one alleron was deformed. Good agreement
between buzz bounderies c¢stablished by flight tests of a
resetrained ailleron and wind-tunnel tests cf a free alleron
indicated that the buzz boundary is a useful sighal of the
possible appearance cof more viclent and dangerous oscillations
at some higher Mach number, depsnding on the amount of
restraint and damoing in the aileron control system.

4imes Aeronautical Laooratory,
National Adviscory Committec for Aeronautics,
Moffett Field, Calif.
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APPENDIX
STIBOLS - -

airplane normal acceleration factor (Z/i)
wing section chord, ft

section hinge-moment coefficient
1.00 ' L
/.
16f —P1 /35_-.0. )d'ZE
-0.75(PU L) \0, - 15 \\0/
airplane 1ift coefficient, computed by the formula

gection normal-force coefificient

“ 1.0 .
[ (Pr~Py) d(?é.)

lMach number, ratlo of airspecd to spced of sound
préésure coefficlient <§_%%EEL>

pressurc coafficlent on Jppor surface
pressure coofficient on lower surface
stctic orifice vressure, 1b/sq £t
free-gtream stotic pressure, 1b/sq Tt
dynemic pressure (%pvz), 1b/sq %

wing areca, sq ft

chord:rige location from leading edge, ¥
airnlane gross welght, 1b

acrodynemic normal force on alrplene, 1b

aileron control-surface deflection, deg
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TABLE I.,~ BASIC DIMENSIONAL DATA OF THE TEST AIRPLANE,

Wing

Ar68, SQ Fhuseessoteseresnccessosscscoccssasnssscssscecssld(
Span, ft.................;............................38.9
ASPECE PABLO0ce s eeoeosceoeassnonassocacenssconssssesasba39
TOPOY PAB10 4 eeeuacvossesosessasscssasssascseasnascssssOa3bll
Mean aerodynamic chord, iNeeeeesscececccscncsacosscseaB0.6

Dihedral of trailing edge
of Wirlg, deg.l.l..ﬂ.'...l.l....l."...l.lﬂ....l‘.l.l..3.85

Incidenca?! root chord, deZececssceccssssccscssccscsensesle00
Geometric twilst, degecesseseaels50 washout from root to tip
ROOt 86CtiON.caeeusccrsasssancsassssss NACA 65,-213 (2=0.5)
Tip SeCtiONececeeseccessacransesnseess NACA 657213 (a=0.5)

Pel"cent line, Straightunil'Dl.l.l.l..'_l'."-.'..0.....52.0

Afleron

Area aft of hinge line,
Sq ft (both Sides)lﬂ.ﬂ.l.lI.'.l.l......'.‘....'.I...l?.lll-

Fixed surface affected by
movable surface, sq ft
(both sides)i...ﬂ0'..0...0..'....-Il..ll..l....l.l...é?.l

Span, ft (One Sido)c.ooo..-onc.ooo-o-oo..a..ocnou.-.o-?.Zl
Mean aerodynamic chord, fh.eceseessscavsssssssssessessle2lb

Hinge~line locatilon,
percent chordecceesceccesesecosaceccs tecescscccnceacss (D0

Type of alleron........No aercdynomle balance, planc hinge
on uprper surface, power-boost
control system, approximately

statically and dynamically
mass-~-balanced

Traveloloctctuonlt.oc..lc.....l.o..oul..'...l.o'...l.l:eoo

Tabs.l...l.ﬂ.l.l‘..l....l.ll......TI‘im tab on left aileron

lTncidence measured with respect to thrust line,
INFIDER '
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TABLE II.- ORDINATES OF RACA 65,-213 (a = 0.5) AIRFOIL
[All stations and ordinates in percent chord]

- 10
§ E —] N\\
Ix |+ —T |
QO
B o
) 20 & 60 &0 100

Station , percent chord

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

Upper surface Lower surface
8tation | Ordinate Station| Ordinate |
o] 0 0 0
.38 1.06 .62 -.92
.62 1.2 .88 -1.10
1,10 1. 1.4%0 -1.35
2.34 2.28 2,66 -1.76
4. 81 .26 5.19 -2.38
7.31 .02 7.69 -2.84
2.80 4,67 10.20 -3.22
14,81 5.71 15.19 -3.82
19.83 6.51 20,17 | -B.26
2L, 86 7.12 25.14 - .59
29.89 7.56 30,11 -h 82
34.92 7.85 ag.os 4,96
9.96 7.98 .0l -5.01
5.01 7.94 Ll 99 -4,95
50.07 7.71 u2-93 -+ 77
55.11 71.26 54, 89 -4, 47
60.1 6.63 2&.87 -k, 07
65.1 5.8& .86 -3.60
70.13 E'O 69.87 -2,06
B35 | 313 15:57 | 148
85.06 2.22 83.94 -1.29
90.0“" 1.33 s -97 --72
95.01 .53 94.99 -.24
100,00 0 100,00 0
L, E, radius: 1,174. Slope of radius
through L. E.: 0,084
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Deviation, percent chord

Deviation, percent chord
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Fig. 10

(b) During flutter, M = 0.865, Gy, = 0.35

Figure 10.- Photographs of the left aileron
during alleron oscillations.
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Figure 1l2.- Photograph of left aileron taken on ground
after dive recovery showing buckled trailing edge
caused by severe flutter, )
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